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INTRODUCTION 
Soybean (Glycine max (L.) Merr.] is used as a major source of 
vegetable oil for various food products. The nutritional quality of 
soybean oil is determined by its fatty ester composition (Graef et a1., 
1988). There are five major fatty esters in the soybean oil: palmitate, 
stearate, oleate, linoleate, and linolenate. Palmitate (16:0) and stearate 
(18:0) are designated as saturated fatty esters because of the absence of 
double bonds in their carbon chains. Oleate (18:1), lino1eate (18:2), and 
1inolenate (18:3) are considered unsaturated fatty esters because they 
contain double bonds in their carbon chains. The composition of soybean 
oil from conventional cultivars is 110 g kg-1 palmitate, 30 g kg- 1 stearate, 
220 g kg- 1 oleate, 560 g kg- 1 linoleate, and 80 g kg- 1 linolenate (Wilcox, 
1984). 
Research on nutrition suggests that the ratio of saturated to 
unsaturated fatty esters determines the nutritive value of soybean oils. 
Increased saturated fat in human diets is associated with high blood 
cholesterol that may lead to atherosclerosis and coronary heart diseases 
(Eaton and Shostak, 1986). In recent years, research has been conducted to 
reduce the amount of total saturated fatty esters in soybean oil. In the 
United States, the maximum content of saturated fatty ester allowed by the 
Food and Drug Administration (FDA) in oil products labelled 'low saturated 
fat' is 71 g kg- 1 (Federal Register, 1993). 
Soybean germplasm provides limited variability in fatty ester 
composition of the oil (Howell et al., 1972; Kleiman and Cavins 1982). 
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Mutation breeding has been used successfully to create genetic variability 
for the composition of oil in soybeans (Hammond and Fehr, 1984). 
Soybean genotypes with reduced saturated fat have been developed by 
combining two mutant alleles, fapl and fap3, that control palmitate content 
(Fehr et al., 1991; Schnebly et al., in review). The fapl and fap3 alleles 
were independently developed by treatment of seeds of commercial soybean 
cultivars with chemical mutagens (Erickson et al., 1988; Fehr et al., 
1991). Genotypes homozygous for the two alleles have about 40 g kg- 1 
palmitate compared with z 110 g kg- 1 palmitate for conventional cu1tivars. 
Reduction of palmitate content would lower the total saturated fat in 
soybean oil, increase the nutritional value of the oil in human diets, and 
enhance the marketability of the crop. However, the development of 
commercial cultivars with reduced palmitate content will depend on the lack 
of negative associations of the fapl and fsp3 alleles with agronomic traits 
of economic importance, such as seed yield. 
The objective of my study was to determine the association of alleles 
that control reduced palmitate with major agronomic and seed traits of 
soybean. 
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LITERATURE REVIEW 
Soybean lines with reduced palmitate content were derived from 
crosses made between two mutant lines, C1726 that contained the fapl 
allele, and A22 that had the fap3 allele. C1726 was selected among seeds 
of the cultivar 'Century' treated with ethyl methanesulfonate (EMS) at 
Purdue University (Erickson et al., 1988; Wilcox and Cavins 1990). C1726 
was derived from an M2 generation plant that averaged 80 g kg- 1 palmitate 
content compared with 110 g kg- 1 palmitate in its parent. A22, initially 
designated A1937NMU-173, was obtained at Iowa State University by treatment 
of seeds of the cultivar 'A1937' with N-nitroso-N-methylurea (NMU) (Fehr et 
al., 1991). A22 was derived from an M4 generation plant that had about 70 
g kg- 1 palmitate content compared with 120 g kg-1 palmitate in its parent. 
Independent studies conducted by Erickson et al. (1988) and Fehr et 
a1., (1991) revealed that the fapl and fap3 have similar inheritance. Both 
alleles exhibit additive gene action with no cytoplasmic or maternal 
influence for palmitate content. Fehr et al. (1991) reported that the 
alleles fapl and fap3 occur at independent loci and that the two alleles 
interact in an additive manner. The heterozygous genotype Fapl fapl Fap3 
fap3 was intermediate in palmitate content to the homozygous dominant Fapl 
Fapl Fap3 Fap3 (normal palmitate content) and the recessive fapl fapl fap3 
fap3 (reduced palmitate content) genotypes. Progenies with the fapl fapl 
fap3 fap3 genotypes had an average palmitate content of about 44 g kg-l. 
Random genetic changes that affect both desired and undesired 
characteristics occur during mutation. Lines obtained by mutagenesis and 
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selected for a specific level of fatty ester composition may have genetic 
changes in other traits. 
Previous research on the relationship of mutant alleles for altered 
fatty ester content in soybean oil with agronomic traits have been 
reported. Fehr (1991) indicated that the modification of the composition 
of some fatty esters does not seem to affect seed yield or other major 
characteristics. Brossman and Wilcox (1984) studied the effect of reduced 
linolenate content in soybean oil on agronomic performance. They indicated 
that reduction of linolenate content in soybean oil did not affect yield, 
maturity, and lodging. 
Wilcox et al. (1993) determined the genetic associations of the 
mutant allele in C1640 that controls reduced linolenate content with 
agronomic traits. They reported that the allele for reduced linolenate had 
no genetic relationships with agronomic characters. There was an 
association of days to maturity and linolenate level, which they attributed 
to climatic conditions that may affect seed maturation. They concluded 
that the agronomic performance of reduced linolenate lines is not 
associated with genetic changes related to mutation for reduced linolenate 
content. 
Lundeen et al. (1987) reported that an allele controlling elevated 
stearate content in soybean oil was associated with agronomic performance. 
The mutant allele for elevated stearate in A6 was associated with lower 
seed yield. Mutant alleles for the same fatty ester in A9 and AlO, two 
other lines with high stearate content, had no relationship with seed 
yield. 
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MATERIALS AND METHODS 
Three populations were developed for the study by crossing three 
lines with reduced palmitate to three high-yielding cu1tivars with normal 
contents of palmitate. AX5152-7, AX5152-34, and AX5152-105 were reduced-
palmitate lines with the Eapl Eapl Eap3 Eap3 genotype developed at Iowa 
State University. The three lines were selected among progenies obtained 
from the cross of the mutant lines C1726 and A22 (Fehr et a1., 1991). 'S19-
90', 'Marcus' and 'Kenwood' were the high-yielding cu1tivars. Marcus and 
Kenwood were developed at Iowa State University (Cianzio et a1., 1990a,b) 
and S19-90 was developed by Northrup King Co. 
The population derived from the cross AX5152-7 x S19-90 was 
designated AX7325 , the cross ofAX5152-34 x Marcus was designated AX7331, 
and the population designated AX7343 was derived from the cross AX5152-105 
x Kenwood. The three crosses were made during March 1990 at the Iowa State 
University-University of Puerto Rico soybean breeding nursery at Isabe1a, 
PRo Fl seeds were planted in June 1990 at the Agricultural Engineering and 
Agronomy Research Center near Ames, IA. A sample of 1,000 F2 seeds from 
each cross was planted in Puerto Rico during November 1990. At maturity, a 
three-seeded pod was harvested from each plant, and the pods from each 
population were threshed in bulk. In February 1991, 1,000 F3 seeds were 
planted in Puerto Rico, a three-seeded pod was harvested from each plant in 
a population at maturity, and the pods were threshed in bulk. A sample of 
1,000 F4 seeds from each population was planted at the Agricultural 
Engineering and Agronomy Research Center near Ames, IA in May 1991. At 
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maturity, individual plants of midseason maturity were harvested from each 
population. A 10-seed bulk sample from each of 100 random plants from each 
population was analyzed for fatty ester composition using the method 
described by Hammond (1991). For each population, 27 F4 plants with a 
palmitate content less than 41.5 g kg-1 and 27 plants with a palmitate 
content greater than 100 g kg-1 were selected. The F4: 5 lines were planted 
at Isabela, PR in December 1991 to increase their seed. The seed from 
each line was harvested in bulk and a sample was analyzed for fatty ester 
composition to confirm the genotype. A total of 1,620 seeds was obtained 
for each line to plant the replicated field tests. 
Experimental Design 
The F4:6 lines and parents of each population were grown as separate 
experiments in Iowa. Each experiment was grown in a randomized complete-
block design with two replications at three locations: Ames, Royal, and 
Grand Junction. There were 60 entries in each experiment. The entries 
included 27 lines with reduced palmitate content, 27 lines with normal 
palmitate content, two parents of each cross and four high-yielding 
cultivars used as checks. At each location, the plots were two rows 4.5 m 
long with 69 cm between rows within the plot and 1.0 m between rows of 
adjacent plots. The seeding rate was 270 seeds per plot. Each plot was 
end-trimmed during seed filling to the harvest length of 3.0 m. 
Data Collection 
All characters were measured on each plot at the locations, except 
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for days to maturity, which was evaluated at Ames and Grand Junction. 
Maturity was recorded as days after August 31 when 95% of the pods had 
reached their mature color. Plant height was measured at maturity as the 
average distance in centimeters from the soil surface to the terminal bud 
of the main stem. Lodging was scored at maturity on a scale of 1.0 (all 
plants erect) to 5.0 (most plants prostrate). 
The plots were harvested with a self-propelled plot combine and dried 
to uniform moisture at about 38°C for 3 days before weighing to determine 
the seed yield per plot. A random sample of 200 clean whole seeds was used 
to determine seed weight as mg sd-1 . 
Protein and oil contents of a 10-g sample of seed from each plot was 
measured by near infrared reflectance (NIR) at the National Center for 
Agricultural Utilization Research, Peoria, IL. The solvent extraction 
method for oil analysis and Kjeldahl method for protein analysis were used 
on 36 individual plot samples of six lines with high and low palmitate 
contents to determine if the variation observed among lines for oil and 
protein content was influenced by the method of analysis. 
Fatty Ester Analysis Procedure 
The fatty ester composition of a 10-seed bulk sample from each plot 
was determined. All seeds were analyzed by gas chromatography. Soybean 
seeds were crushed using two rectangular aluminium plates of 21 x 21 cm on 
a hydraulic press under approximately 25 to 50 kg cm-2 pressure. Crushed 
seed samples were transferred into test tubes containing 0.5 to 1.0 mL of 
hexane. Seeds are allowed to soak for about 18 hours. A 0.1 mL aliquot 
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of the hexane/oil mixture was transferred into 1.5 mL autosampler vials. 
The fatty acids were esterified by adding 0.5 mL of IN sodium methoxide in 
methanol. The solution was agitated every 10 minutes and allowed to react 
for 30 minutes. A volume of 0.15 mL distilled water and 1.0 mL hexane were 
added to remove the sodium methoxide and to dissolve the esters. About 0.2 
pL of the solution was injected into a Hewlett Packard (Avondale, PA) 5890 
gas chromatograph fitted with flame detectors, automatic injectors and l5-M 
Durabond-23 capillary columns (J & W Scientific, Deerfield, IL). The 
temperature of the columns was approximately 200 cG. The percentages of 
each fatty ester was determined by converting the corrected integrated peak 
areas. 
Data Analysis 
The data were analyzed as a randomized complete-block design. 
Locations were considered a random effect and entries a fixed effect. An 
additive model was used for the analysis of variance of individual 
environments: 
where 
Yij- the observed value of the jth genotype in the ith replication; 
p = the overall mean; 
Ri - the effect of the ith replication, i - 1 and 2· ,
Gj - the effect of the jth genotype, j - 1 to 60; and 
eij= the random error of the j th genotype in the ith replication. 
Sums of squares in the analysis of variance due to entries were 
9 
partitioned into among reduced-palmitate lines, among normal-palmitate 
lines, Checks, and orthogonal comparisons (Table 1). 
For the combined analyses across environments, an additive model used 
was: 
where 
~ - the overall mean; 
Ei the effect of the ith environment, i - 1 to 3; 
(R/E)ij the effect of the jth replication within the ith 
environment, j - 1 and 2; 
Gk the effect of the kth genotype, k - 1 to 60; 
(GE) the effect of the interaction between the kth environment 
and the ith genotype; and 
eijk- the random error of the kth genotype in the jth replication 
within the ith environment. 
F-tests were used to evaluate the orthogonal comparisons between 
means of reduced- and normal-palmitate lines and to evaluate the variation 
among lines within both groups of lines (Table 2). The environments x 
entries interactions and its components were used to test the appropriate 
entries mean squares. 
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Table 1. Form of analysis of variance and expected mean squares for an 
individual location 
Sources of variation DF t Expected mean squares 
Replications r-l aZe + razR 
Entries (G) g-l Mz aZe + rSzG 
Reduced (Re) re-l MZl a Z e + rSzRe 
Normal (N) n-l MZ2 a Z e + rSzN 
Checks (C) c-l 
Re vs N 1 
(Re + N) vs Checks 1 
Error (r-l)(g-l) Ml a Z e 
Total rg-l 
t r, g, re, n, and c represent the number of replications, entries, 
reduced-palmitate lines, normal-palmitate lines, and checks, 
respectively. 
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Table 2. Form of analysis of variance and expected mean squares combined 
over locations 
Sources of variation DF * Expected mean squares 
Environments (E) e-l 
Replications (R/E) r-l 
Entries (G) g-l M3 a2• + ra2EG + reS2G 
Reduced (Re) re-l M31 a2 
• 
+ ra2ER. + reS2R. 
Normal (N) n-l M32 a2 
• 
+ ra2EN + reS2N 
Checks (Ch) c-l 
Re vs N 1 
(Re + N) vs Checks 1 
Environment x Entries (e-l)(g-l) M2 a2 
• 
+ ra2GE 
Env. x Reduced (e-l)(re-l) M21 a 2 • + ra2ER. 
Env. x Normal (e-l)(n-l) M22 a2 
• 
+ ra2EN 
Env. x Ch (e-l)(c-l) 
Env. x (Re vs N) (e-l) 
Env. x [(Re + N) vs Ch] (e-l) 
Pooled error e(r-l)(g-l) Ml a2 
• 
Total erg-l 
* e, r, g, re, n, and c represent the number of environments, replications, 
entries, reduced-palmitate lines, normal-palmitate lines, and checks, 
respectively. 
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RESULTS 
The mean seed yields of reduced-palmitate lines were less than the 
normal-palmitate lines in the three populations (Table 3). In AX7325, the 
mean seed yield of reduced-palmitate lines was 108 kg ha-1 lower than the 
normal-palmitate lines, but the difference between the two groups of lines 
was not significant (Table 4). The range in yield among lines in the cross 
with reduced palmitate was 13% greater than among normal palmitate lines. 
There was a significant difference of 304 kg ha-1 between the mean yields 
of reduced- and normal-palmitate lines in AX7331. The range in yield among 
reduced-palmitate lines was 83% greater than among lines with normal 
palmitate content (Table 3). Differences in yield among reduced-palmitate 
lines were significant, but there were no significant differences among 
normal-palmitate lines (Table 5). In AX7343, the mean seed yield of 
reduced-palmitate lines was 307 kg ha-1 lower than normal-palmitate lines. 
The range in yield among reduced-palmitate lines was 24% greater than 
among normal-palmitate lines (Table 3). Differences among lines within the 
reduced- and norma1- palmitate groups were significant (Table 6). 
There was no significant difference between the reduced- and norma1-
palmitate lines for time of maturity in the populations AX7325 and AX7331 
(Table 7). The reduced-palmitate lines varied 14% less than the normal 
lines in days to maturity for AX7325, 33% less for AX7331, and 18% less for 
AX7343 (Table 3). 
There was a maximum difference of only 2 cm between the mean height 
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Table 4. Analyses of variance combined over locations for agronomic and 
seed traits of soybean lines from the cross AX7325 , 
(AX5152-7 x S19-90) 
Sources of 
variation 
Environments (E) 
Replications (R/E) 
Entries (G) 
Reduced (Re) 
Normal (N) 
Checks (Ch) 
Re vs N 
(Re + N) vs Checks 
E x G 
E x Re 
E x N 
E x Ch 
DF 
2 
3 
59 
26 
26 
5 
118 
1 
1 
52 
52 
10 
E x (Re vs N) 2 
E x [(Re + N) vs Ch] 2 
Pooled error 177 
CV (%) 
Seed 
yield 
501654** 
2136** 
2879** 
2245* 
2345** 
6299 
9500 
9538 
1204** 
1262** 
904** 
2456* 
1759* 
663 
468 
6.6 
Mean squares 
Height 
10275** 
191** 
820** 
753** 
857** 
327** 
59 
4840** 
69** 
78** 
63 
52 
107 
21 
46 
7.0 
Lodging 
7.55** 
3.36** 
1.10** 
1. 01** 
1. 23** 
0.46* 
0.84 
3.52 
0.24** 
0.31** 
0.18 
0.12 
0.19 
0.90** 
0.14 
18 
Seed 
weight 
4207** 
368** 
1374** 
913** 
1219** 
2425** 
9658** 
3848** 
45** 
42** 
38* 
50* 
292** 
30 
23 
2.4 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 4. (Cont.) 
Mean squares 
Sources of 
variation DF Protein Oil Palmitate 
Environments (E) 2 400.0** 1861.5** 62.4** 
Replications (R/E) 3 173.3** 82.6* 9.4 
Entries (G) 59 722.3** 410.2** 5791.4** 
Reduced (Re) 26 559.4** 223.5** 12.8* 
Normal (N) 26 608.5** 109.9** 74.0** 
Checks (Ch) 5 807.9** 344.8** 3899.5** 
Re vs N 1 5272.4* 10313.5** 305342.2** 
.. 
(Re + N) vs Checks 1 2941. 2* 3498.9* 14591.5** 
E x G 118 38.0** 24.3 14.3* 
E x Re 52 35.6* 27.6 6.4 
E x N 52 33.8 23.5 18.3 
E x Ch 10 60.3** 10.7 20.6 
E X (Re vs N) 2 87.1* 15.9 79.5** 
E X [(Re + N) vs Ch] 2 52.2 37.1 21.1 
Pooled error 177 22.7 23.4 10.8 
CV (%) 1.2 2.6 4.7 
17 
Table 5. Analyses of variance combined over locations for agronomic and 
seed traits of soybean lines from the cross AX7331, 
(AX5152-34 x Marcus) 
Mean squares 
Sources of Seed Seed 
variation DF yield Height Lodging weight 
Environments (E) 2 609829** 10174** 3.29** 2770** 
Replications (R/E) 3 6972** 410** 1.05** 848** 
Entries (G) 59 5166** 348** 0.51** 1059** 
Reduced (Re)' 26 4699** 241** 0.54** 1092** 
Normal (N) 26 2171 297** 0.36* 788** 
Checks (Ch) 5 5267 1002** 1.14** 1423** 
Re vs N 1 74927** 448* 0.08 409 
(Re + N) vs Checks 1 24909* 1071* 1.05 3482* 
E x G 118 1246** 40 0.14** 69* 
E x Re 52 977* 49 0.10 57 
E x N 52 1321** 34 0.18** 72* 
E x Ch 10 2440* 40 0.14* 100 
E x (Re vs N) 2 746 8 0.07 27 
E x [(Re + N) vs Ch] 2 816 14 0.12 170* 
Pooled error 177 552 41 0.08 50 
CV (%) 7.6 6.7 14 3.7 
* , ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 5. (Cont.) 
Mean squares 
Sources of 
variation DF Protein Oil Palmitate 
Environments (E) 2 1291.3** 2194.3** 105.9** 
Replications (R/E) 3 26l. 9** 193.1** 11.6 
Entries (G) 59 570.7** 647.4** 7633.3** 
Reduced (Re) 26 412.1** 505.1** 28.3** 
Normal (N) 26 426.4** 210.4** 101.6** 
Checks (Ch) 5 762.9** 609.9** 3948.1** 
Re vs N 1 408l. 8* 13122.9** 418910.9** 
(Re + N) vs Checks 1 3971.2* 3420.4* 8337.9** 
E x G 118 41.9** 58.9** 19.5 
E x Re 52 51.1** 67.9** 10.6 
E x N 52 3l.5 41.7** 27.2 
E x Ch 10 24.3 107.5* 19.7 
E x (Re vs N) 2 137.8** 29.6 4.1 
E x (Re + N) vs Ch] 2 64.8 60.2 65.4** 
Pooled error 177 28.1 27.4 20.2 
CV (%) l.3 2.8 5.8 
19 
Table 6. Analyses of variance combined over locations for agronomic and 
seed traits of soybean lines from the cross AX7343, 
(AX5l52-l05 x Kenwood) 
Sources of 
variation 
Environments (E) 
Replications (R/E) 
Entries (G) 
Reduced (Re) 
Normal (N) 
Checks (Ch) 
Re vs N 
(Re + N) vs Checks 
Seed 
DF yield 
2 765006** 
3 4684** 
59 5636** 
26 5126** 
26 3551** 
5 4468 
1 76400* 
1 8198 
E x G 118 919* 
652 
716 
E x Re 52 
E x N 52 
E x Ch 10 
E x (Re vs N) 2 
E x [(Re + N) vs Ch] 2 
Pooled error 177 
CV (%) 
2847** 
2996* 
1419 
689 
8.0 
Mean squares 
Height 
12714** 
49 
421** 
375** 
198** 
1230** 
278* 
3509** 
48** 
39* 
54** 
72 
4 
35 
27 
5.1 
Lodging 
5.11** 
0.42** 
0.87** 
0.48** 
0.57** 
2.05** 
3.76 
9.94* 
0.19** 
0.17 
0.20** 
0.16* 
0.27 
0.38* 
0.10 
12.6 
Seed 
weight 
2728** 
105 
633** 
435** 
611** 
919** 
332 
5229** 
80** 
84* 
68 
67 
27** 
14 
47 
4.0 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table 6. (Cont.) 
Sources of 
variation 
Environments (E) 
Replications (R/E) 
Entries (G) 
Reduced (Re) 
Normal (N) 
Checks (Ch) 
Re vs N 
(Re + N) vs Checks 
E x G 
E x Re 
E x N 
E x Ch 
E x (Re vs N) 
E x [(Re + N) vs Ch] 
Pooled error 
CV (%) 
DF 
2 
3 
59 
26 
26 
5 
1 
1 
118 
52 
52 
10 
2 
2 
177 
20 
Mean squares 
Protein Oil Palmitate 
490.0** 2396.8** 341.2** 
1.0 170.3** 30.3 
494.2** 1117.7** 8426.3** 
464.0** 788.2** 57.0** 
423.5** 206.7** 184.9** 
719.5** 1286.4** 4865.1** 
1839.5* 27133.4** 453512.4** 
646.2* 6508.2** 13024.1** 
31.7** 65.5* 21. 21 
27.2* 61.9* 5.6 
32.3* 58.9 33.5 
43.7 74.2** 18.2 
70.1* 344.3** 121.0** 
33.5 5.0 21.8 
18.6 37.8 17.7 
1.1 3.4 5.8 
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at maturity for reduced-palmitate lines compared with normal-palmitate 
lines. In AX7325, the mean height of lines between the two groups was not 
significantly different, but variation in height among lines within both 
reduced- and normal-palmitate lines of this population was highly 
significant. The mean height of reduced-palmitate lines in the populations 
AX7331 and AX7343 was 2 cm taller than the normal-palmitate lines and the 
difference was significant. Differences in height among lines within the 
reduced- and normal-palmitate groups of each of the two populations were 
significant (Table 5 and 6). The range in height among reduced-palmitate 
lines was 18% less than among normal-palmitate lines in AX733l. In AX7343, 
the range among reduced-palmitate lines was 31% less than the range among 
lines with normal palmitate content. 
The average lodging scores were higher for reduced-palmitate lines 
than for normal-palmitate lines, but the differences were not significant 
for any of the crosses. Significant differences were observed among lines 
within the reduced- and normal-palmitate groups (Table 4, 5 and 6). 
The difference in mean seed weight between reduced- and normal-
palmitate lines was not consistent among the three populations. In AX7325, 
the mean seed weight for reduced-palmitate lines was 11 mg sd-1 larger than 
for normal-palmitate lines (Table 3). The difference between the mean of 
reduced- and normal-palmitate lines and the differences among lines within 
each of the two groups of lines were significant (table 4). The range of 
average seed weight among lines with reduced palmitate was 17% less than 
the range among lines with normal palmitate. In AX733l, reduced-palmitate 
lines averaged 2 mg sd-1 larger than the normal-palmitate lines, but the 
22 
difference was not significant. There were significant differences among 
lines within the reduced- and normal-palmitate groups (Table 5). The 
variation observed among reduced-palmitate lines was 28% greater than the 
variation among normal-palmitate lines. In AX7343, the mean seed weight 
for reduced-palmitate lines was 2 mg sd-1 smaller than for normal-palmitate 
lines, and the difference was not significant. Differences observed among 
lines within each group were highly significant (Table 7). The variation 
among lines with reduced palmitate was 20% less than the variation among 
normal-palmitate lines. 
Differences in protein content between reduced- and normal- palmitate 
lines were significant for the three populations. There were highly 
significant differences among lines within the two groups in each 
population. The mean protein content ofAX7325 was 8 g kg- 1 greater for 
the reduced-palmitate lines than for the normal lines. The range in 
protein content among reduced-palmitate lines was 9% less than for normal-
palmitate lines (Table 3). In AX7331, the increase in protein content was 
13 g kg-1 greater for reduced-palmitate than normal-palmitate lines. The 
reduced-palmitate lines varied 16% less than normal-palmitate lines (Table 
3). In AX7343, protein content was 5 g kg-1 less for reduced-palmitate 
lines than normal-palmitate lines, however, the range in protein content 
among reduced-palmitate lines was 3% higher than among normal-palmitate 
lines (Table 3). 
The mean oil contents of reduced-palmitate lines were less than the 
normal-palmitate lines in the three populations (Table 4). In AX7325, the 
mean seed oil content of reduced-palmitate lines was 12 g kg- 1 lower than 
23 
normal-palmitate lines. The differences in oil content within lines within 
the two groups were significant (Table 4). In this population, the range 
in oil content among lines with reduced palmitate was about 39% greater 
than among normal-palmitate lines. In AX733l, there was a significant 
difference of 13 g kg-1 between the mean oil contents of reduced- and 
normal-palmitate lines. Differences in oil content within the two groups 
of lines were significant (Table 5). The range in oil content among 
reduced-palmitate lines was 40% greater than among normal-palmitate lines 
(Table 3). In AX7343 , the mean oil content of reduced-palmitate lines was 
18 g kg- 1 less than normal-palmitate lines. Lines within each group were 
significantly different and the range in oil contents among reduced-
palmitate lines was 30% greater than normal-palmitate lines (Table 4). 
Comparisons of lines with the parents 
Most of the lines with reduced palmitate had lower yields than the 
high-yielding parent in the three populations (Table 7). Of the 27 
reduced-palmitate lines evaluated, only one line in AX7325 yielded more 
than S19-90. In AX7331, 13 of the 27 reduced-palmitate lines yielded more 
than Marcus, due to the poor performance of the cu1tivar in the test. None 
of the 27 reduced-palmitate lines from AX7343 had an average yield greater 
or equal to Kenwood. 
The three reduced-palmitate parents had later maturity, greater 
lodging and taller height than the high-yielding parent of each cross. 
Seed weight of the reduced-palmitate parents was smaller than the norma1-
palmitate parents in AX7325 and AX7343. In AX733l, the seed weight for the 
24 
reduced-palmitate parent was greater than Marcus. 
The mean protein contents of the three reduced-palmitate parents were 
greater than the high-yielding parents. The reduced-palmitate parent 
AX5152-7 was 4.9% higher in protein content than 819-90, AX5152-34 had 6% 
more protein than Marcus, and AX5152-l05 had 4.7% more protein than Kenwood 
(Table 7). In AX7325, 25 of the 27 reduced-palmitate lines had more 
protein than 819-90, and only 18 of the 27 normal-palmitate lines were 
higher in protein content than 819-90. In AX7331, 26 of the 27 reduced-
palmitate lines were higher in protein content than Marcus, and 24 of the 
27 normal-palmitate lines had a greater protein content than Marcus. In 
AX7343, there were 17 of the 27 reduced-palmitate lines with mean protein 
contents greater than Kenwood, and 20 of the 27 normal-palmitate lines had 
greater protein content than Kenwood. 
The reduced-palmitate parents had lower oil contents than the high-
yielding parents. AX5152-7 was 4.7% lower in oil content than 819-90, 
AX5152-34 was 13% lower than Marcus, and AX5l52-l05 was 17% lower than 
Kenwood. None of the reduced-palmitate lines was greater in oil content 
than the high-yielding parent in any of the three populations. There were 
9 of 27 normal-palmitate lines that had greater oil content than 819-90 in 
AX7325, and only one of 27 normal-palmitate lines had greater oil content 
than Marcus in AX7331 and Kenwood in AX7343. 
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Correlations 
Palmitate content was significantly correlated with seed yield, 
maturity, protein, and oil when reduced and normal-palmitate lines were 
considered together in the three populations (Tables 8, 9, and 10). The 
correlation coefficients with palmitate content were positive for seed 
yield and oil content and negative for maturity and protein content. In 
AX7325 , the correlation coefficient between palmitate content and protein 
content was significant for lines with reduced palmitate. There was no 
significant correlation coefficients between palmitate and all other traits 
within the reduced- and normal-palmitate groups ofAX7331. In AX7343, 
there was a significant negative correlation between palmitate content and 
height and maturity in the normal group. A highly significant correlation 
was obtained between palmitate and oil contents within both the reduced-
and normal- palmitate groups of lines. 
Correlation between seed yield and other traits was variable among 
the three populations. In AX7325, there was a negative correlation with 
protein content when all lines were considered together (Table 8). In 
AX7331, seed yield of normal-palmitate lines was positively correlated with 
maturity and lodging, and seed yield of reduced-palmitate lines was 
positively correlated with lodging and negatively correlated with protein. 
There was a positive correlation of seed yield with lodging and protein and 
a negative correlation with oil content (Table 9). In AX7343 , seed yield 
was significantly correlated with oil content (Table 10). 
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Positive correlations were observed among maturity, height and 
lodging in the three populations. In AX7325 , maturity was negatively 
correlated with oil content when all lines were considered together. In 
AX733l, the correlation between maturity and protein content was negative 
for normal-palmitate lines. In AX7343, there was a negative correlation of 
maturity with protein and oil contents when all lines were considered 
together. The maturity of reduced-palmitate lines was negatively 
correlated with oil content, and the maturity of normal-palmitate lines was 
correlated with protein content. 
Correlations between seed weight and protein content were positive in 
the three populations for all lines considered together. In AX733l, seed 
weight of normal 'palmitate lines was positively correlated with protein and 
negatively correlated with oil content. There was a positive correlation 
between seed weight and protein content of reduced-palmitate lines. Oil 
and protein contents of all lines and of reduced-palmitate lines were 
negatively correlated. In AX7331 and AX7343, protein and oil contents of 
normal-palmitate lines were negatively correlated. 
Fatty Ester Composition 
The mean of reduced and normal palmitate lines was significantly 
different for palmitate content (Table 3). Lines used in this study were 
selected for alleles that control palmitate content; however, significant 
differences in palmitate content were observed among lines within both the 
reduced- and normal-palmitate groups (Table 4, 5 and 6). The mean content 
of palmitate was 37 g kg-1 for reduced-palmitate lines and 98 g kg-1 for 
34 
normal-palmitate lines in AX7325 (Table 11). The range in palmitate 
content among reduced-palmitate lines was 33% less than that of the normal-
palmitate lines. In AX733l, palmitate content averaged 40 g kg- l for 
reduced-palmitate and 112 g kg-l for normal-palmitate lines, and the range 
was about 40% less for reduced-palmitate lines than normal lines. In 
AX7343 , reduced-palmitate lines averaged 33 g kg- l and normal-palmitate 
lines had 107 g kg- l (Table 11). In this population, the range in 
palmitate content was 21% less for reduced-palmitate lines than normal-
palmitate lines. 
The mean stearate contents of reduced-palmitate lines were 
significantly lower than that of normal-palmitate lines (Table 11). 
Stearate content 'ranged from 32 to 41 g kg- l for reduced-palmitate lines 
and from 40 to 47 g kg-l for normal-palmitate lines in AX7325. In AX7331, 
reduced-palmitate lines ranged from 30 to 40 g kg- l and normal lines had 35 
to 49 g kg-l. In AX7343, the reduced- and normal-palmitate lines ranged 
from 23 to 31 g kg-l and the normal lines ranged from 30 to 42 g kg-l. 
Differences between reduced- and normal-palmitate lines and among lines 
within each group were significant for stearate content in the three 
populations (Tables 12, 13, and 14). 
The mean oleate content was significantly greater for reduced-
palmitate lines in AX7325 and AX7331, but lower than normal lines in 
AX7343 (Table 11). In AX7325 , lines within the reduced-palmitate group had 
oleate content that ranged from 212 to 275 g kg compared with 189 to 261 g 
kg for lines within the normal-palmitate group. In AX7331, the range among 
reduced-palmitate lines was 206 to 313 g kg-l and among normal-palmitate 
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Table 12. Analyses of variance combined over locations for stearate, 
oleate, linoleate, and linolenate content of soybean lines from 
the cross AX7325, (AX5152-7 x 519-90) 
Sources of variation 
Environments (E) 
Replications (R/E) 
Entries (G) 
Reduced (Re) 
Normal (N) 
Checks (Ch) 
Re vs N 
(Re + N) vs Checks 
E x G 
E x Re 
E x N 
E x Ch 
E x (Re vs N) 
E x [(Re + N) vs Ch] 
Pooled error 
CV (%) 
DF 
2 
3 
59 
26 
26 
5 
118 
177 
1 
1 
52 
52 
10 
2 
2 
18:0 
88.8** 
30.5** 
71.1** 
21. 6** 
21. 5** 
145.2** 
2311** 
38.6 
4.7 
4.5 
4.2 
8.6* 
2.6 
6.9 
3.8 
4.9 
Mean squares 
18:1 
1466** 
267* 
2213** 
1589** 
1891** 
2192** 
28073* 
1087 
98 
82 
88 
91 
398* 
512** 
100 
4.3 
18:2 
4074** 
218 
4679** 
1132** 
1478** 
6868** 
167471** 
6416 
82 
81 
56 
103 
368* 
405** 
83 
1.6 
18:3 
1509** 
17 
138** 
146** 
129** 
85* 
564 
2 
13 
12 
12 
18 
37* 
7 
10 
3.6 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 13. Analyses of variance combined over locations for stearate, 
oleate, linoleate, and linolenate content of soybean lines from 
the cross AX7331 , (AX5152-34 x Marcus) 
Sources of variation 
Environments (E) 
Replications (R/E) 
Entries (G) 
DF 
2 
3 
59 
Reduced (Re) 26 
Normal (N) 26 
Checks (Ch) 5 
Re vs N 1 
(Re + N) vs Checks 1 
E x G 118 
E x Re 52 
E x N 52 
E x Ch 10 
E x (Re vs N) 2 
E x [(Re + N) vs Ch] 2 
Pooled error 177 
CV overall (%) 
18:0 
3.9 
32.6** 
129** 
46.6** 
50.8** 
145.3** 
4344** 
7 
4.5 
3.6 
4.8 
7.4* 
7.9 
0.9 
4.2 
5.2 
Mean squares 
18:1 
5451** 
240 
4498** 
3862** 
3471** 
6169** 
42155* 
1691 
212** 
245* 
129 
307* 
996** 
273 
ll8 
4.6 
18:2 
8353** 
291* 
6440** 
3077** 
2756** 
3400** 
207976** 
2312 
183** 
215** 
104* 
205* 
ll26** 
316* 
88 
1.7 
18:3 
884** 
59** 
212** 
232** 
123** 
ll6* 
2679** 
0.4 
18 
24* 
12.6 
20.8 
3 
2 
14 
4.3 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 14. Analyses of variance combined over locations for stearate, 
oleate, linoleate, and linolenate of soybean lines obtained from 
the cross AX7343 , (AX5152-105 x Kenwood) 
Sources of variation 
Environments (E) 
Replications (R/E) 
Entries (G) 
Reduced (Re) 
Normal (N) 
Checks (Ch) 
Re vs N 
(Re + N) vs Checks 
E x G 
E x Re 
E x N 
DF 
2 
3 
59 
26 
26 
5 
118 
1 
1 
52 
52 
E x Ch 10 
E x (Re vs N) 2 
E x [(Re + N) vs Ch] 2 
Pooled error 177 
CV (%) 
18:0 
69.8** 
0.5 
223.4** 
31. 3** 
70.5** 
373.1** 
7975** 
696** 
4.2 
3.4* 
4.9 
4.7 
6.4 
0.7 
3.5 
5.9 
Mean squares 
18:1 
1379** 
91 
2697** 
2767** 
1541** 
4265** 
13794 
12035* 
187** 
175** 
134 
367** 
1013** 
180 
93 
4.8 
18:2 
3230** 
77 
9303** 
732** 
894** 
11572** 
418746** 
29976** 
116** 
123** 
89 
198** 
91 
253* 
66.4 
1.4 
18:3 
5545** 
72 
1981** 
1583** 
340** 
1329** 
54307** 
5940** 
47** 
59 
22 
63** 
324** 
14 
29 
5.0 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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lines was 188 to 287 g kg-1. The oleate content in AX7343 ranged from 148 
to 232 g kg-1 for reduced-palmitate lines and from 182 to 246 g kg-1 for 
normal lines. 
Mean lino1eate content was significantly greater for reduced than for 
normal palmitate lines in all crosses. In AX7325, the range among reduced-
palmitate lines was 484 to 611 g kg-1 and among normal-palmitate lines was 
515 to 575 g kg-1. In AX7331, the reduced-palmitate lines ranged from 531 
to 621 g kg-1 and the normal lines ranged from 474 to 563 g kg-l. The range 
for reduced-palmitate lines was 606 to 646 g kg- 1 and the range for normal 
lines was 520 to 575 g kg-1 in AX7343. Differences among lines within the 
reduced- and normal-palmitate groups were significant. The mean 
1ino1enate contents of reduced-palmitate lines were greater than those of 
normal lines in the three populations, but the differences were not 
significant in AX7325. The linolenate content in AX7325 ranged from 76 to 
106 g kg- 1 for reduced-palmitate lines and from 79 to 97 g kg-1 for normal 
lines. In AX7331, the reduced-palmitate lines had 1ino1enate contents that 
ranged from 80 to 101 g kg-1 and the normal lines ranged from 79 to 96 g 
k -1 g . In AX7343, the range of 1ino1enate content was 90 to 151 g kg- 1 for 
reduced-palmitate lines and 85 to 118 g kg-1 for normal-palmitate lines. 
The differences among lines within the reduced- and normal-palmitate groups 
were significant in the three populations. 
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DISCUSSION 
The objective of this study was to determine the association of 
reduced-palmitate content with agronomic and seed traits. The results 
indicated that reduction in palmitate content was associated with agronomic 
performance of soybean. The differences in mean performance between 
reduced- and normal-palmitate lines for agronomic and seed traits may be 
due to the pleiotropic effects of the Eapl and Eap3 alleles or to linkages 
of the alleles with genes controlling the other traits. 
The association between palmitate content and seed yield was probably 
due to genes linked to Eapl and Eap3, based on a concurrent study conducted 
by Horejsi (1993).' He compared the seed yield of single-cross lines from 
AX7331 and AX7343 with lines obtained from a backcross of the two 
populations to the high-yielding parent. None of the single-cross lines 
and 13% of the backcross lines from AX7331 were equal or greater in yield 
than the high-yielding parent. There were 7% of the single-cross lines 
from AX7343 and 22% of the backcross lines with reduced palmitate that were 
equal or greater in yield than the high-yielding parent. The results 
indicated that backcrossing was effective in recovering lines with high 
yield and reduced palmitate content. 
The results obtained by NIR analysis of oil content correlated 
adequately with those obtained by solvent extraction analysis (r - 0.91, 
P < 0.01). The protein content of lines determined by NIR also correlated 
favorably (r - 0.63, P < 0.01) with protein content measured by the 
Kjeldahl method. The results indicated that the lower oil content of 
41 
reduced palmitate lines was not due to method of analysis. 
The positive association between palmitate content and oil content 
observed in this study was also reported by Horejsi (1993). The 
backcrossed-derived lines in his study with the lowest palmitate content 
had lower oil content than the high-yielding normal parent, but higher oil 
content than the donor parent. Additional research will be required to 
determine if the relationship between palmitate and oil content is due to 
pleiotropic effects of fapl and fap3 or to linkages with genes controlling 
the other traits. 
The associations observed for reduced-palmitate content with 
maturity, plant height, seed weight, and protein should not negatively 
influence a cultivar development program. There was sufficient variation 
for the traits among reduced-palmitate lines to permit selection of those 
with the desired characteristics. 
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APPENDIX A -
TRAITS MEANS OF ENTRIES OVER LOCATIONS 
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